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[57] ABSTRACT 

An optical disk, an apparatus and a method for recording/ 
reproducing the optical disk use Gray coded address infor- 
mation. The hexadecimal data 0 to F correspond to the Gray 
codes. The Gray code consists of the upper address and the 
lower address. The four channels of the upper address and 
the four channels of the lower address are set so that one 
channel of each address is "1". With the change of the data 
from 0 to F, the channel of "1" in the lower address 
sequentially moves to the adjacent channel in the corre- 
sponding Gray code. Consequently, rapid seeking can be 
performed by detecting only the lower address. 

3 Claims, 8 Drawing Sheets 
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FIG. I 
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FIG. 4 
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FIG. 6 
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FIG. 9 
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OPTICAL DISK, RECORDING/ 
REPRODUCING APPARATUS AND METHOD 
FOR RAPIDLY RECORDING/REPRODUCING 
DATA ON/FROM AN OPTICAL DISK USING 
GRAY CODING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention generally relates to optical discs, 
recording/reproducing apparatuses and methods for the opti- 
cal discs. In particular, it relates to an optical disc, ao 
apparatus and a method for rapidly recording data on the 
optical disc on which a groove, wobbled as address 
information, is formed, or for rapidly reproducing data from 
the optical disc. 

2. Description of the Related Art 

To record data on an optical disc, it is necessary to record 
address information on the optical disc so as to record the 
data in position. According to a conventional method for 
recording address information on a recording/reproducing 
optical disc, a pre-groove that is spirally formed on the disc 
and is used for tracking is wobbled corresponding to the 
address information. 

In other words, tracks for recording data are formed as a 
pre-groove such that the sides of the pre-groove are wobbled 
corresponding to the address information. By using this 
structure, an address can be read from wobbling 
information, and the data can be recorded in position. 

However, for seeking it is necessary to position an optical 
head on a track, and to reproduce the a dress recorded on the 
track. The seek time accordingly lengthens. In particular, 
when the upper bits in the track address are incremented, all 
the lower bits change. The address is thus hardly detected, 
and is not preferred as access information. Accordingly, the 
seeking cannot be rapidly performed. 

SUMMARY OF THE INVENTION 

To solve the above problems, the present invention is 
achieved. It is an object of the present invention to provide 
an optical disc on which addresses are recorded in a wobbled 
groove, and an apparatus and a method for rapidly recording 
data on the disc or rapidly reproducing data from the disc. 

In accordance with an aspect of the present invention, the 
foregoing object is achieved through the provision of an 
optical disc on which a groove, wobbled corresponding to 
address information, is previously formed, the groove being 
formed such that it is wobbled corresponding to the address 
information converted into the Gray code. 

The address information may includes at least: data 
corresponding to a synchronizing signal; data corresponding 
to a track address; data corresponding to a frame address; 
and data corresponding to a code used for error detection. 

In the groove wobbled a synchronizing mark area is 
formed in each predetermined amount of information area. 

In the synchronizing mark area a signal having a prede- 
termined frequency may be recorded, and within the syn- 
chronizing mark area a synchronizing mark may be recorded 
at a frequency different from the predetermined frequency. 

In accordance with another aspect of the present 
invention, the foregoing object is achieved through the 
provision of an optical disc recording/reproducing apparatus 
for recording data on an optical disc on which a groove, 
wobbled corresponding lo address information, is previously 
formed, and for reproducing data recorded on the disc, 
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comprising: means for detecting a wobbling signal from the 
disc including the groove wobbled corresponding to the 
address information converted into the Gray codes, on 
which groove a synchronizing mark is formed in a plurality 

5 of frames wobbled; means for detecting a Gray code from 
the detected wobbling signal; means for detecting a syn- 
chronizing mark from the detected wobbling signal; and 
recording/reproducing means for reproducing data recorded 
in a predetermined position of the tracks on the disc, or for 
recording data in a predetermined position of the tracks on 
the optical disc, based on the Gray code and the synchro- 
nizing mark both detected by the respective means. 

The optical disc recording/reproducing apparatus may 
further comprise a PLL circuit for extracting a clock, based 
on the output of the means for detecting a synchronizing 

15 mark from the detected wobbling signal. 

In accordance with a further aspect of the present 
invention, the foregoing object is achieved through the 
provision of a method of reading wobbling information from 
an optical disc on which a groove, wobbled corresponding 

20 to address information, is previously formed, comprising the 
steps of: detecting a wobbling signal from an optical disc 
including the groove wobbled corresponding to the address 
information converted into the Gray codes, on which groove 
a synchronizing mark is formed in a plurality of frames 

25 wobbled; detecting the Gray code from the detected wob- 
bling signal; and detecting a synchronizing mark from the 
detected wobbling signal. 

The method may further comprises the step of determin- 
ing whether or not the detected synchronizing mark has a 
constant periodicity. 

In accordance with a still further aspect of the present 
invention, the foregoing object is achieved through the 
provision of a method of forming a groove on an optical 

35 disc, comprising the steps of: generating a wobbling signal 
by the modulation of a signal having a predetermined 
frequency by a signal in which address information is 
converted into the Gray codes; generating a synchronizing 
signal at the timing of forming a synchronizing mark; 

40 combining both the wobbling signal and the synchronizing 
mark signal; and recording the groove on the disc, based on 
the combined signal. 

The step of generating the wobbling signal may be 
executed by performing the bi-phase modulation of the 

45 signal having the predetermined frequency by the signal in 
which the address information is converted into the Gray 
codes, and performing the frequency modulation of the 
signal having the predetermined frequency by the bi-phase 
modulated signal. 

50 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic plan view illustrating an optical disc 
of the present invention, on which a groove is wobbled. 
FIG. 2 is a perspective view illustrating enlarged part of 
55 the optical disc shown in FIG. 1, in which the groove is 
wobbled. 

FIG. 3 is a chart showing an example of a wobbling 
address frame converted into a Gray code. 

FIG, 4 is a table of the relation between the data and the 
60 Gray code, used for showing a method of converting into the 
Gray code. 

FIG. 5 is a chart showing fine clock mark areas and a fine 
clock mark. 

FIG. 6 is a block diagram of a wobbling signal generator. 
65 FIG. 7 is a waveform chart showing a bi-phase signal 
outputted by a bi-phase modulation circuit in the wobbling 
signal generator shown in FIG. 6. 
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FIG. 8 is a waveform chart showing another bi-phase 
signal outputted by a bi-phase modulation circuit in the 
wobbling signal generator shown in FIG. 6. 

FIG. 9 is a block diagram of a recording apparatus for 
producing a disc having a pre-groove. 

FIG, 10 is a block diagram of an apparatus for recording/ 
reproducing an optical disc in accordance with an embodi- 
ment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

By referring to FIG. 1 illustrating a plan view of an optical 
disc in accordance with an embodiment of the present 
invention, a disc 1 (optical disc) has a groove 2 that is 
spirally formed thereon from the center to the circumfer- 
ence. It goes without saying that this groove may be con- 
centrically formed. 

The right and left sides of the groove 2 shown in FIG. 1, 
part of which is enlarged and shown in FIG. 2, are wobbled 
corresponding to Gray codes as described below, so that the 
groove 2 winds through the disc 1 in a predetermined period. 
One track includes a plurality of wobbling address frames 
that have a structure as shown in FIG. 3. 

By referring to FIG. 3 showing an example of the wob- 
bling address frame, the wobbling address frame consists of 
60 bits. The first four bits represent a synchronizing signal 
(Sync) meaning the start of the wobbling address frame. The 
following four bits represent information meaning one of a 
plurality of recording layers if the layers are included in the 
disc 1. The following 20 bits represent a track address. The 
following four bits represent a frame number. The following 
14 bits represent an error correcting code (CRC), in which 
an error detecting code excluding the synchronizing signal 
(Sync) and a clock synchronizing mark area (Sync mark) is 
recorded. The following 12 bits represent the clock synchro- 
nizing mark area (Sync mark). The last two bits represent 
reserved bits (Reserved) for another purpose in future. 

For example, each track has eight wobbling address 
frames, which are recorded in the constant angular velocity 
disc form having a constant angular velocity of revolution. 

FIG. 4 shows an example of a conversion table for 
converting the address information into the Gray codes. For 
better understanding, a unit of information that is converted 
into Gray codes is called a "channel". The Gray code 
consists of upper four channels and lower four channels each 
having a code in which one of four channel is "1". That is, 
predetermined one channel of four channels is "1", and the 
remaining three channels are "0". Thus, the upper channels 
and the lower channels have only one pattern of the follow- 
ing four patterns: "0001", "0010", "0100", and "1000". The 
upper channels and the lower channels can respectively have 
the four patterns. Therefore, eight channels consisting of 
both the upper channels and the lower channels can express 
16 values of hexadecimal numbers 0 to F. 

From the address information included in the wobbling 
address frame shown in FIG. 3, the track address and the 
frame address are converted into Gray codes, based on the 
conversion table shown in FIG, 4. At first, since the track 
address consists of 20 bits, it is divided into five groups of 
four bits, which are groups Trl to Tr5. Each group consists 
of four bits. Subsequently, the respective groups Trl to Tr5 
are converted into Gray codes each consisting of 8 channels, 
based on the conversion table shown in FIG. 4. On the other 
hand, since the frame address consists of four bits, it is 
converted into a Gray code of 8 channels, based on the 
conversion table shown in FIG. 4. 
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In accordance with this manner, the track address of 20 
bits is converted into Gray codes of 40 channels, and the 
frame address of four bits is converted into Gray codes of 
eight channels. The remaining address information becomes 
channels that correspond to the number of the bit of the 
information. As a result, the whole address frame is con- 
verted into Gray codes of 84 channels. 

When the Gray codes shown in FIG. 4 correspond to the 
hexadecimal numbers 0 to F, as the data changes from the 
hexadecimal number 0 to F, the channel of "1" moves to the 
adjacent channel by one channel in the lower four channels 
of the Gray codes corresponding to the change. When the 
data changes from the hexadecimal number F to 0, the lower 
channels remain unchanged and the channel of "1" moves to 
the adjacent channel by one channel in the upper four 
channels. By defining the number of the channels or bits that 
changed as "information variation", the information varia- 
tion between the adjacent channels in the correspondence 
given abode is expressed as not more than 2 in the lower four 
channels. 

Conventionally, the data 0 is expressed as "0000", and the 
data F is expressed as "1111", the information variation 
when the data changes from F to 0 is 4. In addition, the data 
0 is expressed as "0000" in which all the bits are zero, and 
therefore may hardly be detected as information. 

As described above, by converting the data into the 
corresponding Gray codes, the information variation can be 
reduced to enable easy detection of information. Also, the 
Gray coded information does not have all zero in the upper 
channels or the lower channels, which also enable easy 
detection of information. 

For example, when an optical head moves to an adjacent 
track to reproduce a track address recorded therein in a 
condition such as the seeking condition, if the track address 
is Gray coded, the lower channels of the Gray code corre- 
sponding to the track address sequentially change by one 
channel. Consequently, by detecting the lower channels, it 
can be recognized that the optical head has moved to the 
adjacent track. Thereby, the optical head can move to a 
predetermined track in order to perform seeking. 

In accordance with the present invention, by converting 
the track address and the frame address into the Gray codes, 
seeking can be performed with the lower bits detected. 
Accordingly, rapid access to a target frame in a target track 
is realized. 

FIG, 5 shows fine clock mark areas and a fine clock mark. 
On the assumption that the data of 84 channels is recorded 
in each channel and that one channel has seven carriers 
included in a predetermined frequency signal, as shown in 
FIG. 5, it is thus considered that one frame has 588 (=84x7) 
carriers. When the optical disc 1 revolves at, e.g., 1200 r 
p.m., the frequency of this carrier is 94.08 (=(588x8x1200/ 
60)/1000) kHz. 

As shown in FIG. 5, in the wobbling address frame shown 
in FIG. 3, each clock synchronizing mark area or fine clock 
mark area is assigned to one channel in seven channels of the 
address information. In other words, data is recorded at a 
cycle of seven channels. The first channel of the seven 
channels corresponds to seven carriers including a fine clock 
mark, and the other six channels correspond to an interval 
modulated by substantial address data that does not include 
any fine clock mark. Consequently, in one frame 12 (=84/7) 
fine clock marks and 72 (=84x6/7) data are recorded, and 
therefore in one revolution (one track) 96 (=12x8) fine clock 
marks are recorded. 

The bi-phase modulation of the Gray code corresponding 
to the address information is performed, and the Gray code 
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is recorded such that the pre-groove is wobbled by fre- signal, and generates a laser beam for forming the pre- 

quency modulation. In the fine clock area the wobbling groove and the synchronizing mark on an original disc 26. 

frequency of the pre-groove is set to the central frequency of A spindle motor 27 revolves the original disc 26 at a 

the modulation frequency of the Gray code corresponding to predetermined speed. 

the address information. Otherwise it is set to a frequency 5 i n other words, in accordance with the signal obtained by 

higher than the modulation frequency of the Gray code. combining the FM signal generated by both the wobbling 

When eight to fourteen modulation (EFM) that is generating circuit 21 and the mark signal outputted by the 

employed in compact discs is used for modulating the mark signal generating circuit 23, the optical head 25 emits 

recorded or reproduced data, the fine clock mark is wobbled the laser beam onto the original disc 26 that is being 

by one wavelength in a mark length of six to eight cycles, 30 revolved at the predetermined speed by the spindle motor 

as shown in FIG. 5. 27. 

FIG. 6 is a block diagram of a wobbling signal generator. The original disc 26 is developed, from which a stamper 

The generator generates a wobbling signal in order that the is produced. A plurality of discs, which is the same as the 

groove 2 is wobbled. A signal generating circuit 11 generates disc 1, are produced as replicas of the stamper. In accordance 

a signal that has, e.g., a frequency of 44.1 kHz. This 15 with this manner, it is possible to obtain the disc 1 on which 

frequency of 44.1 kHz is the same as that of the sampling the groove 2 having the above-described fine clock marks is 

clock for sampling audio data recorded in a Mini-Disc formed. 

(trademark). FIG. 10 is a block diagram of an optical disc recording/ 

The signal generated by the generating circuit 11 is reproducing apparatus. The apparatus records data in the 

supplied to a divider circuit 12. The divider circuit 12 20 obtained disc 1 or reproduces data therefrom. A spindle 

divides the supplied signal by seven, and the divided signal motor 31 revolves the disc 1 at a predetermined speed. An 

is supplied as a bi-phase clock signal to a bi-phase modu- optical head 32 emits a laser beam onto the disc 1 to record 

lation circuit 13. The bi-phase modulation circuit 13 is also data therein and to reproduce data therefrom, 

supplied with a Gray code obtained by converting address in Data to be recorded, from an apparatus as not shown in 

pre-groove (ADIP) data with a Gray code converter circuit FIG. 10, is temporarily stored in a memory 34 by a 

16- recording/reproducing circuit 33 (recording/reproducing 

This ADIP data corresponds to the wobbling address means). When the memory 34 holds the data such for an 

frame as shown in FIG. 5. amount corresponding to one cluster as a recording unit, the 

The bi-phase modulation circuit 13 performs the bi-phase 30 recording/reproducing circuit 33 reads out the data for one 

modulation of the bi-phase clock from the divider circuit 12, cluster, and modulates it in a predetermined manner before 

using the Gray code supplied by the Gray code converter outputting the modulated data to the optical head 32. For 

circuit 16, and outputs the resulting bi-phase signal to a FM example, one cluster may consists of eight sectors, and one 

modulation circuit 15. The FM modulation circuit 15 is also sector may consists of 28 frames. The recording/reproducing 

supplied with a carrier having a frequency of 22.05 kHz, 35 circuit 33 also properly demodulates data from the optical 

obtained by dividing the 44.1 kHz signal from the generating head 32, and outputs the modulated data to the apparatus as 

circuit 11 by two. The FM modulation circuit 15 performs not shown in FIG. 10. 

the frequency modulation of the 22.05 kHz carrier from the An address generating readout circuit 35 generates an 

divider circuit 14, using the bi-phase signal from the address to be recorded in tracks (the groove 2) in accordance 

bi-phase modulation circuit 13, and outputs the resulting FM 40 with the control of a control circuit 38, and outputs the 

signal. The right and left sides of the groove 2 in the disc 1 generated address to the recording/reproducing circuit 33. 

are formed such that they are wobbled corresponding to the The recording/reproducing circuit 33 adds this address to the 

FM signal. data from the apparatus as not shown, and outputs the 

By referring to FIGS. 7 and 8 showing examples of the resulting data to the optical head 32. When data reproduced 

bi-phase signal outputted by the bi-phase modulation circuit 45 from a track of the disc 1 by the optical head 32 includes an 

13, data bits are converted into channel bits by bi-phase address data, the recording/reproducing circuit 33 separates 

modulation. A synchronizing pattern included in each it and outputs the separated address data to the address 

waveform, denoted by "SYNC", is considered out of the generating readout circuit 35. The address generating read- 

rules, which do not appear in the modulation. Each wave- out circuit 35 outputs the readout address to the control 

form denoted by "WAVEFORM" is formed such that the 50 circuit 38. 

channel bits are converted into the patterns of "1" and "0". The mark detection circuit 36 (detection means) detects a 

In this embodiment, as shown in FIG. 7, when the first bit component corresponding to the fine clock mark, from a RF 

is "0", the synchronizing pattern becomes "11101000", signal reproduced by the optical head 32. A frame address 

while, as shown in FIG. 8, when the first bit is "1", the detection circuit 37 (readout means) reads out the Gray 

synchronizing pattern becomes "00010111". 55 coded information corresponding to the address information 

FIG. 9 is a block diagram of a recording apparatus for included in the wobbling signal, from the RF signal repro- 

produce the disc 1 having the groove 2. A wobbling signal duced by the optical head 32, so that frame address detection 

generating circuit 21 has the same structure as that shown in circuit 37 detects a frame address to supply it to a cluster 

FIG. 6, and outputs a FM signal to a combining circuit 22. counter 46. 

A mark signal generating circuit 23 generates a mark signal 60 A mark period detection circuit 40 determines whether 

at the timing of forming a synchronizing mark is formed, detection pulses outputted by the mark detection circuit 36 

and outputs it to the combining circuit 22. The combining when detects the fine clock mark have periodicity. In other 

circuit 22 combines both the FM signal from the wobbling words, the fine clock mark is generated in a constant period, 

signal generating circuit 21 and the mark signal from the Accordingly, the mark period detection circuit 40 deter- 

mark signal generating circuit 23, and outputs the combined 65 mines whether the detection pulses from the mar detection 

signal to a recording circuit 24. The recording circuit 24 circuit 36 are generated in this constant period or not. If the 

controls an optical head 25 in accordance with the combined detection pulses are generated in the constant period, the 
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mark period detection circuit 40 generates pulses that syn- 
chronizes with the detection pulses, and outputs the pulses 
to a phase comparator 42 of a PLL circuit 41 positioned in 
the subsequent stage. Otherwise, if the detection pulses are 
not generated in the constant period, the mark period detec- 5 
tion circuit 40 generates dummy pulses at predetermined 
timing so that the subsequent PLL circuit 41 is not engaged 
in the condition in which an error phase appears. 

The PLL circuit 41 includes a low-pass filter (LPF) 43, a 
voltage control oscillator (VCO) 44, and a divider 45, other 10 
than the phase comparator 42. The phase comparator 42 
compares the phases of both the input from the mark 
detection circuit 40 and the input from the divider 45, and 
outputs the resulting phase error signal. The low-pass filter 
43 compensates the phase of a phase error signal outputted 15 
by the phase comparator 42, and outputs the signal to the 
VCO 44, The VCO 44 generates a clock having a phase 
corresponding to the output from the LPF 43, and outputs it 
to the divider 45. The divider 45 divides the clock from the 
VCO 44 by a predetermined value, and outputs the divided 20 
result to the phase comparator 42. 

The clock outputted by the VCO 44 is supplied to not only 
the divider 45 but also a cluster counter 46. The cluster 
counter 46 counts the number of the clocks outputted by the 
VCO 44 by putting its reference on the frame address 25 
supplied by the frame address detection circuit 37. When the 
counted number reaches a predetermined value that corre- 
sponds to the length of one cluster, the cluster counter 46 
generates cluster start pulses and outputs them to a control 
circuit 38. 

A thread motor 39 is controlled by the control circuit 38 
to move the optical head 32 to a predetermined track 
position. The control circuit 38 controls the spindle motor 31 
to revolve the disc 1 at a predetermined speed. 35 

The operations of the respective sections when data is 
recorded will be described below. The optical head 32 emits 
the laser beam onto the optical disc 1, and outputs the RF 
signal obtained from the light reflected from the disc 1. After 
reading out the Gray coded information corresponding to the 40 
wobbling information (address information) from the out- 
putted RF signal, the frame address detection circuit 37 
outputs the track address and the frame address to the control 
circuit 38, and supplies them to the cluster counter 46. This 
RF signal is inputted to also the mark detection circuit 36, 45 
in which the fine clock mark is detected and supplied to the 
mark period detection circuit 40. 

By determining whether the fine clock mark supplied by 
the mark detection circuit 36 has periodicity or not, the mark 
period detection circuit 40 generates the predetermined 50 
pulses corresponding to the determination, and outputs them 
to the PLL circuit 41. The output from 41 is supplied to the 
cluster counter 46. 

The cluster counter 46 counts the number of the clocks 
that correspond to the fine clock signal supplied by the PLL 55 
circuit 41, based on the signal corresponding to both the 
track address and the frame address supplied by the frame 
address detection circuit 37. When the counted number 
reaches the predetermined number, the cluster counter 46 
outputs the cluster start pulses. 60 

The control circuit 38 detects the position of the fine clock 
mark, which is the reference position in one track, based on 
the relation between the frame address and the wobbling 
address frame both supplied by the frame address detection 
circuit 37. Putting the reference in the detected position 



enables access to a desired position on the track in accor- 
dance with a recording clock supplied by the VCO 44. 

As described above, in this embodiment the track address 
is detected from the Gray coded wobbling address informa- 
tion. When the optical head moves to the adjacent track, the 
Gray code corresponding to the track address has the posi- 
tion of the channel of "1" in the lower address sequentially 
moved to adjacent channels, so that all channels in the lower 
address do not become zeros. Detecting the lower address 
therefore enables seeking a desired track. Accordingly, it is 
not necessary to detect both the upper address and the lower 
address for seeking, different from a conventional method, 
and therefore rapid access is realized. 

The wobbling address frame in the embodiment has a 
structure as an example, and it may have another structure. 

The definite numerical values used in the embodiment are 
examples, and thus other values may be used. 

The conversion table in the embodiment is an example, 
but not limited thereto. Another conversion table may be 
defined in order that the address information is converted 
into the Gray code. 

In the embodiment the apparatus for recording/ 
reproducing the optical disc has been described, however the 
present invention may be applied to an apparatus for repro- 
ducing the optical disc. 

The present invention may be applied to CD-ROMs, 
Mini-Discs, and so forth. 
What is claimed is: 

1. An optical disc on which a groove, wobbled corre- 
sponding to address information, is previously formed, 

said groove being formed such that said groove is 
wobbled corresponding to said address information 
converted into a Gray code sequence, wherein a syn- 
chronizing mark area is formed in each predetermined 
amount of information area, in said wobbled groove, 
and wherein a signal having a predetermined frequency 
is recorded in said synchronizing mark area, and within 
said synchronizing mark area a synchronizing mark is 
recorded at a frequency different from the predeter- 
mined frequency. 

2. An optical disc according to claim 1, wherein said 
address information includes at least: 

data corresponding to a synchronizing signal; 

data corresponding to a track address; 

data corresponding to a frame address; and 

data corresponding to a code used for error detection. 

3. An optical disc on which a groove, wobbled corre- 
sponding to address information, is previously formed, 

said groove being formed such that said groove is 
wobbled corresponding to said address information 
converted into a gray code, wherein the gray code 
always comprises a "1", 

wherein a synchronizing mark area is formed in each 
predetermined amount of information area, in said 
wobbled groove, and 

wherein a signal having a predetermined frequency is 
recorded in said synchronizing mark area, and within 
said synchronizing mark area a synchronizing mark is 
recorded at a frequency different from the predeter- 
mined frequency. 
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